Introduction
Population-based epidemiological evidence has helped to clarify the role of diet in preventing and controlling morbidity and premature mortality resulting from chronic diseases. [1] Diet and nutrition are vital aspects in the endorsement and maintenance of good health throughout the entire life course. Poor diet is a major contributor to the leading causes of chronic and fatal diseases including coronary heart disease, cancer, and strokes. Research and development in food science is helping to identify many functional foods ingredients, because they can provide health benefits by reducing risk and enhancing the body's ability to manage certain chronic diseases. [2, 3] The functional properties of plants/foods depend on the presence of specific chemical compounds, mainly secondary metabolites such as phenolics and flavonoids. [4] [5] [6] The presence of such bioactive compounds promotes the therapeutic uses of medicinal plants also. [5, 7] Isolation of essential oil
The dried and finely ground (80 mesh) aerial parts of O. sanctum were subjected to hydrodistillation for 4 h using a Clevenger-type apparatus. [6] The isolated essential oil was dried over anhydrous sodium sulfate (Merck), filtered and stored at -4°C until analyzed.
Preparation of extracts
Three different solvents systems, i.e., n-hexane, ethanol, and methanol were selected for the preparation of different polarity O. sanctum extracts. Briefly, the ground plant materials (100 g for each sample) were extracted with 500 mL of each of the solvent in a Soxhlet unit (1000 mL capacity) for 4-6 h. [14] The extracts were then filtered through Whatman filter paper (No. 1). The solvents were removed under reduced pressure, using a rotary evaporator (EYELA, SB-651, Rikakikai Co. Ltd. Tokyo, Japan). The dried, crude, concentrated extracts were weighed to calculate the yield and stored in a refrigerator (-4°C), until used for analyses.
Analysis of essential oil

Gas chromatography
A Perkin-Elmer gas chromatograph (model 8700), with flame ionization detector (FID) and capillary column (HP-5MS) having following dimension 30 m × 0.25 mm, film thickness 0.25 µm was used for the chemical analysis of the O. sanctum essential oil. The temperatures of the injector and detector were set at 220 and 290°C, respectively. The column thermostat temperature was started from 80°C and raised to 220°C at the rate of 4°C min −1 , whereas initial and final temperatures were held for 3 and 10 min, respectively. The carrier gas was helium with a flow of 1.5 mL min −1 . A sample of 1.0 µL was injected (split ratio 100:1). For quantification purposes a built-in data-handling program of the equipment (Perkin-Elmer) was used. The essential oil composition was reported as a relative percentage of the total peak area. Furthermore, the main components of the essential oils like eugenol, β-elemene, β-caryophyllene, and germacrene D were quantified by means of the internal standard addition method.
GC-MS analysis
GC-MS analysis of the O. sanctum essential oil was performed using an Agilent-Technologies (Little Falls) 6890N Network gas chromatographic system, equipped with an Agilent-Technologies mass selective detector (model 5975 inert XL) and 7683B series auto-injector. The essential oil chemical constituents were separated using a "HP-5MS capillary column (30 m × 0.25 mm, film thickness 0.25 µm; Little Falls)." A sample of 1.0 µL was injected (split ratio 100:1). For GC-MS detection, an electron impact ionization mode, with ionization energy of 70 eV, was used. The column oven temperature program and the carrier gas (helium) flow rate were the same as employed for the GC analysis. Mass range was 50-550 m/z while the injector and MS transfer line temperatures were set at 220 and 290ºC, respectively.
Compounds identification
The O. sanctum essential oil compounds identification was based on the comparison of their retention indices in relation to (C 9 -C 24 ) n-alkanes with those of data published or with authentic standards. [6, 15] The compounds were also identified by comparing their MS data with those from the National Institute of Standards and Technology (NIST) mass spectral library and available mass spectra and, wherever promising, by means of co-injection of authentic standards. [16, 17] 
Analysis of extract
Hydrolysis of sample
The hydrolysis of O. sanctum extract was done as reported previously. [18] Briefly, 10 mL of 50% aqueous methanol solution containing 1.2 M HCl and 0.04 % (w/v) ascorbic acid as antioxidant was added to 1000 mg of crude extract. The hydrolysis was performed at 80°C under reflux for 2 h. After refluxing, the extracts were allowed to cool and were made up to 10 mL with methanol. The extracts were filtered through 0.45 µm non-pyrogenic filter (Minisart, Satorius Stedim Biotech GmbH) prior to injection.
Preparation of calibration curves
Stock solutions of the standards (gallic acid, p-hydroxy benzoic acid, chlorogenic acid, caffeic acid, vanillic acid, p-coumeric acid, sinapic acid, ferulic acid) were freshly prepared by dissolving authentic compounds in methanol (100 µg/mL). Working standards solutions were made by gradual dilution with methanol to the required concentration 0.4 to 100 µg/mL. The calibration curve was constructed for each standard by plotting the concentration of standard against peak area.
Chromatographic conditions
The HPLC analysis was performed with Shimadzu CBM-20A system (Shimadzu Corporation) equipped with gradient model LC-20AD pumps system, a SPD 20A ultraviolet (UV)/Visible detector, CTO-10AS VP column oven, an auto injection (SIL-20AHT) and degasser (DGU-20A5) systems. A hypersil GOLD C 18 column (250 × 4.6 mm internal diameter, 5 µm particle size; Thermo Fisher Scientific Inc.) and a non-linear gradient consisting of solvent A (acetonitrile:methanol, 70:30) and solvent B (water with 0.5% glacial acetic acid). Following gradient program was used for the separation of phenolic acids and flavonoids; 10-15% A from 0 to 5 min; 15-20% A from 5 to 18 min; 20-40% A from 18 to 40 min and kept at 40% A from 40 to 45 min; 40-10% A from 45 to 50 min and kept at 10% A from 50 to 55 min). UV spectra were recorded at 275 nm. The analytes were identified by matching the retention times and spiking samples with standards and quantification was based on an external standard method.
Antioxidant activity
Determination of total phenolics (TP) and total flavonoids (TF) contents
Amounts of TP and TF in the O. sanctum extracts were determined using Folin-Ciocalteu reagent method and aluminum chloride colorimetric assay, respectively, as reported previously. [18] DPPH radical scavenging assay
The free radical scavenging activity of the O. sanctum essential oil and extracts was tested by appraising their capacity to scavenge 2, 2‫-׳‬diphenyl-1-picrylhydrazyl (DPPH) stable radicals. The DPPH assay was performed as described earlier. [6, 18] Briefly, the samples (from 0.5 to 500.0 µg mL −1 ) mixed with 1 mL of 90 µM DPPH solution, were made up with 95% MeOH to a final volume of 4 mL. BHT, a synthetic antioxidant, was used as a positive control. After 1 h incubation at room temperature, the absorbance was read at 515 nm. Percent radical scavenging concentration was worked out using the following formula:
where "A blank is the absorbance of the control (containing all reagents except the test essential oils/ compounds), and A sample is the absorbance of the test essential oils/compounds." IC 50 values, which represent the concentration of essential oil that caused 50% scavenging of DPPH radicals, was calculated from the curve drawn by plotting percent scavenging versus concentration.
Percent inhibition in linoleic acid system
The O. sanctum essential oil and extracts was also evaluated for their antioxidant activity by measuring their ability to inhibit linoleic acid peroxidation following the method described previously. [6] The essential oil or main components (5 mg) were added to 0.13 mL linoleic acid, 10 mL 99.8% ethanol and 10 mL of 0.2 M sodium phosphate buffer (pH 7) solution mixture. The mixture was then diluted to 25 mL with distilled water and incubated at 40°C for 175 h. The magnitude of oxidation was measured by peroxide value following the colorimetric method. Briefly, 10 mL of 75% ethanol, 0.2 mL of an aqueous solution of ammonium thiocyanate (30%) and 0.2 mL of ferrous chloride solution (20 mM in 3.5% HCl) were sequentially added to 0.2 mL sample solution. The absorbance was noted after 3 min of stirring, at 500 nm using spectrophotometer. A control was performed without essential oils while BHT was used as a positive control. Percent inhibition of linoleic acid oxidation was calculated as follows:
Percent inhibition of linoleic acid oxidation = 100 -([increase in absorbance of sample at 175h /increase in absorbance of control at 175h] × 100)
Haem biocrystallization and inhibition assay for potential antimalarial activity
The potential antimalarial activity of the O. sanctum essential oil and extracts was evaluated using the assay protocol with modification as reported previously. [7] Briefly, 100 μL of essential oils at a concentration of 0.01-10 mg/mL in 10% Dimethyl Sulfoxide (DMSO) were incubated with 100 μL of 3mM Hematin (freshly dissolved in 0.1 M NaOH), 10 mM lipid, 10 μL HCl and sodium acetate buffer of pH 5 to make of volume of 1000 μL. Chloroquine diphosphate was used as a positive control while tube containing all the things except drug/essential oils was considered as negative control. The incubation was done for 4 h with gradual shaking/inverting of each tube. Centrifugation of samples was done at 14,000 rpm for 10 min. After removing the supernatant one mL of sodium dodecyl sulphate (SDS) solution was added to each tube, aspirating the pellet with 1 mL pipette tip. Each tube was sonicated for 30 min and centrifuge (10 min, 14,000 rpm). After carefully removing supernatant, the above step was repeated until supernatant is clear (usually 3-5 times over a 48 h period). Finally, the pellets were washed with 0.1 M bicarbonate solution as in above step. Then, haem polymer was dissolved in 0.1 M NaOH for at least 2 h. The absorbance was taken at 400 nm and % inhibition of haem polymerization inhibition (HPI) was calculated by the following formula:
Antimicrobial activity
Collection of strains 
Measurement of inhibition zones (IZ)
The antimicrobial activity of the O. sanctum essential oil and extracts in terms of IZ were determined by disc diffusion method, as reported previously. [6] Briefly, 100 µL of suspension containing 10 8 colony-forming units (CFU)/mL of bacteria cells and 10 4 spores/mL of fungi were spread on NA and PDA media, respectively. The paper discs (6 mm in diameter) were separately impregnated with O. sanctum essential oil (30 µL/disc) and extracts (30 µg/disc) and placed on the agar which had previously been inoculated with the selected test microorganism. Standard antibiotics, ciprofloxacin (30 µg/disc) and fluconazole (30 µg/disc) were used as a positive reference for bacteria and fungi, respectively, while the discs without samples were used as a negative control. Plates were incubated at 37ºC for 24 h for bacteria and at 30°C for 48 h for fungal strains. Antimicrobial activity was assessed by calculating the diameter of IZ in millimeters (including disc diameter of 6 mm) for the test organisms comparing to the controls.
Measurement of minimum inhibitory concentration (MIC)
For the measurement of MIC of O. sanctum essential oil and extracts, a modified resazurin microtitre-plate assay was used as reported previously. [19] Briefly, essential oil and extract solutions (5 mg/mL, w/v in 10% DMSO) and standard antibiotic (5.0 mg/mL in 10% DMSO) was pipetted into the first row of the 96 well plates. To all other wells 50 μL of nutrient broth was added. Two fold serial dilutions were performed using a multi-channel pipette such that each well had 50 μL of the test material in serially descending concentrations. 30 μL of 3.3× strength isosensitised broth and 10 μL of resazurin indicator solution (prepared by dissolving 270 mg tablet in 40 mL of sterile distilled water) were added in each well. Finally, 10 μL of bacterial suspension was added to each well to achieve a concentration of approx 5 × 10 5 cfu/mL. Each plate was wrapped loosely with cling film to ensure that bacteria did not become dehydrated. Each plate had a set of controls: a column with a ciprofloxacin as positive control, a column with all solutions with the exception of the test compound, a column with all solutions with the exception of the bacterial solution adding 10 μL of nutrient broth instead and a column with 10% DMSO (v/v) solution as a negative control. The plates were prepared in triplicate, and incubated at 37°C for 24 h. The color change was then assessed visually. The growth was indicated by color changes from purple to pink or colorless. The lowest concentration at which color change occurred was taken as the MIC value.
Statistical analysis
All the analyses were carried out in triplicate and the data presented as mean values ± standard deviation for triplicate determinations. Analysis of variance (ANOVA) was performed by using STATISTICA 5.5 (Stat Soft Inc, Tulsa, OK, USA) software and a probability value of p ≤ 0.05 was reflected to represent a statistical significance difference.
Results and discussion
The essential oil yield of O. sanctum was 0.52 g/100 g (Table 1 ) while the n-hexane, methanol, and ethanol extracts yields were 3.66, 14.6, and 10.3 g/100 g, respectively. The chemical composition of the essential oil of each O. sanctum is reported in Table 1 . Thirty-five essential oil components were identified representing 96.1% of the total (Fig. 1) . The major compounds in O. sanctum essential oil were eugenol (22.0%), β-elemene (19.2%), β-caryophyllene (19.1%), and Germacrene D (5.03%). On quantitative basis, the amounts, determined using calibrated curves with pure standards compounds, of the main components of O. sanctum essential oil were eugenol (20.9 g/100 g), β-elemene (18.7 g/100 g), β-caryophyllene (18.5 g/100 g), and Germacrene D (4.9 g/100 g; Fig. 2 ). Table 2 shows the amount (mg/100 g of dry plant material) of eight phenolic acids including gallic acid, chlorogenic acid, p-hydroxy benzoic acid, caffeic acid, vanillic acid, p-coumeric acid, sinapic acid, and ferulic acid in different extracts of O. sanctum. The reverse-phase (RP)-HPLC analysis of O. sanctum extracts revealed the presence of ferulic acid, vanillic acid, sinapic acid, p-coumeric acid, gallic acid, p-hydroxy benzoic acid and chlorogenic acid, quercetin and myricetin being the most prominent polyphenolic components. Chlorogenic acid was found to be major phenolic acid in all three extracts. The highest concentration of chlorogenic acid was found in methanol extract (6.16 mg/100 g of dry plant material). Similarly chlorogenic acid was the major phenolic acid identified (5.85 mg/100 g of dry plant material) in the ethanol extract followed by gallic acid (3.50 mg/100 g of dry plant material). Significant (p < 0.05) variations were observed in the contents of phenolic acids with respect to different O. sanctum extracts Amounts of TP and TF are given in Fig. 3 . The highest TP was found in methanol extract (1.36 g/100 g dry plant material, measured as gallic acid equivalent) and the lowest in hexane extract (0.05 g/100 g dry plant material, measured as gallic acid). Similarly, the amount of TF in n-hexane, methanol, and ethanol extracts was found to be 0.03, 0.67, and 0.32 g/100 g of dry plant material, measured as catechin equivalent).
The free radical scavenging activity of the O. sanctum essential oil and various extracts was assessed using DPPH radical scavenging assay. The values for 50% scavenging (IC 50 ) are given in Table 3 . An ANOVA showed a significant (p < 0.05) variation in the radical scavenging activity of essential oil and different extracts. The methanol extract of O. sanctum presented good radical scavenging activity (3.98 µg/mL) followed by ethanol extract (5.68 µg/mL), essential oil (11.1 µg/mL), and n-hexane extract (15.5 µg/mL). Table 3 shows the percent inhibition of linoleic acid oxidation exhibited by the O. sanctum essential oil and extracts. Maximum inhibition was observed by methanol (84.7%) and ethanol (79.3%) extracts. The essential oil and n-hexane showed 74.0 and 46.5% antioxidant activity, respectively. This assay was employed to evaluate the antimalarial potential of the O. sanctum essential oil and various extract ( Table 3 ). All three O. sanctum extracts reveled poor inhibition even at 10 mg/mL concentration showed poor anti-haem biocrystallization activity. The O. sanctum essential oil exhibited inhibition 58.9% showed moderate antimalarial activity. The inhibitory effect of O. sanctum essential oil on cell viability ranged from 83-96% at 500 µg mL −1 ( Table 3 ). The extract showed poor activity thus only essential oil was selected for further study to calculate the IC 50 value.
Ocimum sanctum essential oil was found to be comparatively more active against the bacterial and fungal strains tested than tested O. sanctum extracts ( Table 4 ). The activity was more pronounced against Gram positive strains than Gram negative strains. The IZ were ranged from 25.1-27.2 mm and 19.4-20.8 mm against Gram positive and Gram negative bacterial, respectively, by O. sanctum essential oil. MIC of against Gram positive, Gram negative and fungal strains were 776-840, 1449-1719, and 911-1103 µg mL −1 , respectively. The extracts showed much higher MIC than essential oil (930-2500 µg mL −1 ).
The essential oil yield reported in the present study was comparable to reports by Agniseka et al., [20] who found the 0.59-0.83% essential oil yield from O. sanctum at different growth stages. However, Zheljazkov et al. [8, 9] reported 0.07-0.34% (wt/wt % of oil in air-dry herbage) essential oil contents from O. sanctum cv. local United States. Whereas, Joshi [12] reported 1.20% yield of essential oil from O. sanctum from Belgaum. Such variations in the essential oil content of O. sanctum across countries might be attributed to the varied agroclimatic conditions of the regions.
Literature showed high content of methyl chavicol (44.63%) and linalool (21.84%) in the O. sanctum essential oil from India. [21] In another study reported from India, eugenol (61.30%) was found as major component in the essential oil of O. sanctum followed by β-caryophyllene (11.89%) and germacrene D (9.14%). [22] Joshi [12] also reported that mehyl eugenol is detected as major (92.4%) component of O. sanctum essential oil from Belgaum. The results of the present study also showed eugenol (22.0%) as major component but the percentage is less than reported in this study. Such variations in the chemical composition of essential oil across countries might be attributed to the varied agroclimatic (climatical, seasonal, geographical) conditions of the regions, stage of maturity, genetic differences, and adaptive metabolism of plants. The amounts of the major Table 4 . Antimicrobial activity of O. sanctum essential oil and various extracts. components of O. sanctum essential oil were also determined on quantitative basis using calibrated curves with pure standards compounds.
The antioxidant property of plant extracts depend on the amount of flavonoids and phenolic acids of extracts. [23] The release secondary metabolites including phenolic acids and flavonoids from plants may vary from plant to plant and species to species. The effect of different solvent systems on the amount of TP and TF extracted was significant (p < 0.05) in the present study. Methanol has been proven as effective solvent to extract phenolic compounds. [24] Some previous reports in the literature reveal the variation in the antioxidant potential of different O. sanctum around the world. [10, 12, 25] The O. sanctum analyzed in the present study exhibited better antioxidant activity than that reported in the literature. [12] The variation in the antioxidant activity might be ascribed to the varied phenolic profiles of Ocimum sanctum specie native to Pakistan.
The capability of any drug/compound to inhibit the biocrystallization of ferriprotoporhyrin IX (FPIX) is believed to be directly connected to their antimalarial activity. [26] The haem biocrystallization assay is efficient, less costly and easy to perform. It is based on observation that during the intraerythrocytic development, malaria parasites degrade large amounts of hemoglobin within a specialized organelle, the digestive vacuole to supply amino acids for growth and development. [7] A toxic by-product, FPIX, is produced during the catabolism of hemoglobin. The parasite detoxifies this FPIX through the formation of insoluble hemozoin crystals. Thus, agents that inhibit the conversion of FPIX to hemozoin may cause death from the lytic effects of haem or the haem drug complex may mediate parasite death. [27] Moreover, in vitro hematin at acidic pH, leads to β-hematin, a compound presumed to be identical to hemozoin. Hence, bioactive compounds or plant extracts able to inhibit the biocrystallization of hematin at this pH, may possess antiplasmodial properties. [7, 27] This assay was employed to assess the potential antimalarial activity of the O. santum essential oil for the first time. The ability of any compound to inhibit the biocrystallization of FPIX is believed to be directly connected to their antimalarial activity. [28] Both bacteria and fungi were more sensitive against Ocimum sanctum essential oil than extracts. The results of antimicrobail potential of the O. sanctum essential oil are better than those shown by other works, [12, 29, 30] and confirms its traditional uses. In contrary to findings of the present study, the rate of inhibition in most of the reports was greater against Gram positive bacteria than that observed against Gram negative bacteria. [12, 30] However, some reports were also available showing higher antibacterial activity against Gram positive bacteria than Gram negative bacteria also available. [31] Overall the fungi, especially C. krusei, showed more resistance against O. sanctum essential oils than bacteria strains. C. krusei causes infection, mainly in critically ill patients, and is most often isolated in hematology patients from hospitals with severe neutropenia. [32] The Gram-positive and Gram-negative microorganisms differ in several aspects other than with respect to the structure of their cellular walls, mainly with regard to the presence of lipoproteins and lipopolysaccharides in Gram-negative bacteria that form a barrier to hydrophobic compounds. [33] Some reports showed that there is a relationship between the chemical structures of the most abundant in the tested essential oil and the antimicrobial activity. The better essential oil activity was might be due to presence of eugenol and caryophyllene. [12] The efficacy of O. sanctum essential oil and extracts against bacteria and fungi may provide a scientific ground for the application of the herb in the prevention and treatment of infections caused by micrroganisms such as Staphylococcus aureus and Escherichia coli, which have developed resistance to antibiotics. The results of study present the O. sanctum herb as a good candidate to explore new alternative antibacterial agents to combat pathogenic microorganisms.
Conclusion
Overall, the data generated on the biological activities of the O. sanctum essential oil and n-hexane, methanol, and ethanol extracts revealed significant differences (p < 0.05) due to a different nature of the compounds present. Methanol and ethanol extracts of Ocimum sanctum exhibited excellent antioxidant activity and free radical scavenging capacity followed by essential oil and hexane extract. O. sanctum essential oil showed good antimicrobial activities and moderate antimalarial activity. High TP and TF contents and antioxidant potential of O. sanctum extracts and excellent antimicrobial activity of essential oil lead to its possible use as a food preservative. Moreover, they may be used in pharmaceutical and natural therapies for treatment of oxidative stress. Further studies should also be done in order to evaluate the practical effectiveness of essential oil and extracts using specific food substrates under local environmental, storage, and food processing conditions.
